Objectives: To determine changes and trends in the annual incidence and epidemiological aspects of lower urinary tract stones in Japan. Methods: Data about patients who had been diagnosed by urologists in 2015 with first and recurrent lower urinary tract stones were collected from 301 hospitals approved by the Japanese Board of Urology. The estimated annual incidence according to sex, age and stone composition was compared with previous nationwide surveys between 1965 and 2005. Results: The incidence of lower urinary tract stones in Japan has steadily increased from 4.7 per 100 000 in 1965 to 12.0 per 100 000 in 2015. However, the age standardized annual incidence of lower urinary tract stones has remained relatively stable over the same period at 5.5 per 100 000 and 6.0 per 100 000 in 1965 and 2015, respectively. The increase in incidence was most evident among individuals aged ≥80 years. The incidence of calcium oxalate stones has steadily increased among males and females, whereas that of infection-related stones has significantly decreased from 26.2% to 14.3% among men over the past 50 years. Conclusions: Nationwide surveys suggest a steady increase in the incidence of lower urinary tract stones over a 50-year period in Japan. This trend might reflect changes in the aging population and improved Japanese medical standards.
Introduction
Urological surgery is believed to have evolved from the ancient practice of removing primary bladder stones from young boys using median perineal lithotomy, as described by Celsus. 1 Bladder stones were once ubiquitous, but remain a major problem not only in developing, but also in developed countries that are rapidly aging, including Japan. The risk of bladder stones has been linked to BOO secondary to BPH, neurogenic bladder, infection, bladder foreign bodies and even carbohydrate-based food, whereas dairy intake inversely correlates with actual incidence. [2] [3] [4] [5] A nationwide survey of urolithiasis has proceeded every decade for the past 60 years, and related articles have been published since 1958. [6] [7] [8] [9] [10] [11] The incidence of upper urinary tract stones continued to increase after World War II, as the Japanese lifestyle became Westernized and the population rapidly aged. 11, 12 In contrast, the incidence of lower urinary tract stones has remained relatively stable. A nationwide survey of urolithiasis in 2015 discovered that the incidence of upper urinary tract stones had stabilized between 2005 and 2015. 13 Novel trends in upper urinary tract stones might reflect environmental and nutritional changes, as well as the development of clinical diagnostic procedures. In contrast, trends in lower urinary tract stones remain unknown.
The present study aimed to determine the incidence of lower urinary tract stones based on data collected through a nationwide survey of urolithiasis in 2015.
Methods
We collected data regarding lower urinary tract stones from four published nationwide surveys of urolithiasis. [6] [7] [8] [9] [10] [11] The materials and methods applied in the surveys are described elsewhere. 13 In brief, questionnaires were posted to 1210 hospitals in January 2015 to estimate the total number of Japanese patients with stones, and 459 of them responded. Among the respondents, 207 approved the institutional questionnaire, 94 approved the individual and institutional questionnaires, and 158 declined to participate in the study.
Data obtained from 301 hospitals included information about 79 003 and 21 341 patients derived from the institutional and individual questionnaires, respectively. We calculated the number of patients with lower urinary tract stones, including those with a first episode and those with recurrence. We excluded patients with upper and lower urinary tract stones.
The diagnostic criteria for urolithiasis were defined as confirmation by radiography, CT, ultrasound sonography, cystoscope or other modalities. The patients presenting only with these symptoms were not included in the present study. Patients with only a history of stone passage (no stones in 2015) were excluded. The survey included questions about the age and sex of patients with stones, the locations of stones (upper or lower urinary tract or both), the presence of symptoms, and whether stones had developed for the first time in the lifetime of the patient. All patients were counted regardless of whether they were treated in hospital or as outpatients. Treatment modalities for urolithiasis in 2015 were also investigated.
In addition to the survey, questionnaires to obtain more details about individual patients were distributed, and the referral rate, symptoms, stone composition and other factors were investigated. Patients with a first episode and recurrent episodes of lower urinary tract stones were counted to estimate the annual incidence.
Age-standardized incidence was calculated by a direct method using the 1980 population in Japan as a standard population.
The number of patients was separately estimated for hospitals classified into seven strata (indicated as ith stratum in the following equation) according to the number of beds. We stratified 1-99, 100-199, 200-299, 300-399, 400-499, 500-999 and >1000 inpatient beds as i = 1, 2, 3, 4, 5, 6 and 7, respectively, as described. 11 The total number of patients in Japan was estimated as:
ðNumber of patients reported in ith-stratumÞ Â ðTotal number of beds in ith-stratum hospitalsÞ= ðTotal number of beds in respondent ith-stratum hospitalsÞ The present study proceeded according to the Declaration of Helsinki as revised in Fortaleza, Brazil, October 2013, and was approved by the institutional review boards at Chiba University Graduate School of Medicine (approval number 1962), Kanazawa Medical University (approval number 226) and Osaka City University (approval number 2970).
Results

Estimated total number of patients with urinary tract stones
The estimated number of patients with a first stone and with recurrent stones during 2015 was 15 302, derived as follows:
The number of patients with lower urinary stones per bed differed from 0.02 to 0.42 based on the hospital category (Table 1) .
Chronological changes in the annual incidence of lower urinary tract stones Table 2 shows the chronological changes in the annual incidence of lower urinary tract stones. The crude incidence of lower urinary tract stones in Japan steadily increased from 4.7 per 100 000 in 1965 to 12.0 per 100 000 in 2015. The age-standardized incidence increased slightly from 5.5 per 100 000 in 1965 to 6.0 per 100 000 in 2015. Trends of lower urinary tract stones were opposite between males and females during 2005 and 2015. After age standardization, the incidence of females with stones fell from 2.7 to 2.1 per 100 000, whereas the incidence of males increased from 8.3 to 9.6 per 100 000. Table 3 shows the chronological changes in the age-and sex-related annual incidence of urinary tract stones between 1965 and 2015. Lower urinary tract stones were the most prevalent among elderly male and female patients. The incidence was most increased among persons aged in their 80s compared with 2005. The incidence increased 1.4-fold (59.6 per 100 000 and 82.7 per 100 000, respectively) in males and 1.1-fold (15.8 per 100 000 and 18.0 per 100 000, respectively) in females between 2005 and 2015. In contrast, the incidence was reduced between females aged in their 20s-40s and 60s-70s. The incidence was slightly reduced in males aged in their 20s and 30s during the past decade.
The increased incidence of lower urinary tract stones was more prominent in females than in males over the past 50 years, being 7.5-fold among those aged in their 80s (2.4 per 100 000 and 18.0 per 100 000 in 1965 and 2015, respectively) and 3.7-fold among those aged in their 70s (2.3 per 100 000 and 8.5 per 100 000 in 1965 and 2015, respectively).
As the trend in lower urinary tract stones among elderly persons was also increased, we studied the annual incidence among those aged ≥60 years (Table 2) . After age standardization, the incidence steadily increased from 18.6 per 100 000 in 1965 to 25.6 per 100 000 in 2015, which differed from the stable trends over all age groups. Table 4 shows the trends over time in the sex-related composition of 512 stones determined from infrared analysis findings and responses to individual questionnaires in 2015. The ratio of stones containing calcium increased from 50.7% to 62.0% in males, but decreased from 42.7% to 27.1% in females. The ratio of infectious stones decreased from 26.2% to 14.3% over the past 50 years in males, but increased from 39.8% to 61.4% in females. These results show quite different trends between males and females. Table 5 lists the ratios of lower urinary stone composition according to age and sex in 2015. The ratios of uric acid and calcium stones increased and decreased, respectively, with aging in males, whereas that of calcium stones decreased with aging in females. Although these ratios slightly increased between 2005 and 2015, no definitive trends were evident during the past 50 years. 
Stone composition
Discussion
The present study uncovered several new findings regarding the current epidemiological trends of lower urinary tract urolithiasis in Japan. The overall incidence of lower urinary tract stones has significantly increased by approximately 30% during the past decade in parallel with the aging of the Japanese population. Even after age standardization, the incidence increased by approximately 10% during this period. Second, the trends of lower urinary tract stones differed between males and females. Trends increased even after age standardization in males, but remained stable or rather reduced after age standardization in females. Third, the incidence of calcium oxalate stones steadily increased in both sexes, whereas that of infection-related stones steadily decreased in males. In contrast, the incidence of these stones remained relatively stable or slightly increased in females over the past 50 years. These trends might reflect the environmental, medical and nutritional status of the Japanese population. Several factors might have contributed to the overall increased incidence of lower urinary tract stones. In the subset of analysis, 67.1% of patients had symptoms among patients with lower urinary tract stones. This indicated that 32.9% of patients were asymptomatic. Opportunities for radiographic diagnosis have increased during the past decade. The ability of X-rays to diagnose bladder stones is reportedly limited. Linsenmeyer et al. reported that the rates at which X-rays can diagnose bladder stones with sizes between 1.0 and 1.49, 1.5 and 1.9, and >2.0 cm are 33%, 33% and 54%, respectively, which are much lower than those of CT.
14 The numbers of CT evaluations in Japan have continued to increase over the past decade from 97.0 per 1 000 000 in 2002 to 107.2 per 1 000 000 in 2014. 15 The steady increase in accessibility to CT evaluations might reflect an increased chance of diagnosis of lower bladder stones. Second, flexible cystoscopy has been applied more often during the past decade, especially on an outpatient basis. This convenient and less invasive procedure might allow for routine examinations, even among the elderly, which might have led to an increase in identifying bladder stones. Based on the subset of the data, X-ray, CT and ultrasound were the major diagnostic modalities that were used for nearly half of patients. Cystoscopy was related to 11.9% of diagnoses. Diagnosis with cystoscope was described as free form within the questionnaire. Assuming other diagnostic tools are mainly composed of the cystoscope, nearly 18% of patients might be diagnosed by cystoscope (Table S1 ). Third, the number of geriatric health service facilities has steadily increased in Japan, from 3445 in 2007 to 4130 in 2015. 15 Geriatric health service facilities are now staffed by full-time nurses, and medical doctors are available for routine health checks. The increased likelihood of frequent health examinations on entering such facilities might increase the opportunities for finding asymptomatic bladder stones compared with living at home. Fourth, the increased incidence of upper urinary tract stones might reflect the increased incidence of lower urinary tract stones. Based on the epidemiology of upper urinary tract stones in Japan, the incidence of upper urinary tract stones increased from 43.7 per 100 000 to 137.9 per 100 000 between 1965 and 2015. 13 Furthermore, an increased composition of calcium oxalate stone among lower urinary tract stones might also support this hypothesis.
An explanation for the increased trends in lower urinary tract stones among males and decreased trends in females remains unclear.
Female urology has recently progressed regarding medical standards, such as the management of urination, control of urinary tract infection, and better treatment for neurogenic bladder and prolapse, which might have helped to reduce the number of lower urinary tract stones arising in females.
However, the incidence of lower urinary tract stones in females suddenly increased in 2005, to 1. The annual increase in the incidence of stones among those aged ≥60 years was higher than the overall incidence in males. This might be related to an increase in the number of patients with conservatively treated BPH as a result of more options for medical therapies becoming available, such as an alpha 1-adrenoceptor antagonist, 5-alpha reductase inhibitors and PDE-5 inhibitors. In addition to BOO, indwelling catheters also impose a major risk for bladder stones. DeVivo et al. estimated that stones form within 8 years of using an indwelling catheter in 36% of patients. 16 Ord et al. reported that the annual risk of bladder stones developing in patients with spinal cord injury and an indwelling catheter was 4%, compared with 0.2% for intermittent self-catheterization. 17 More male patients having indwelling catheters might have also contributed to the increased incidence of lower urinary tract stones.
The number of calcium oxalate stones has significantly increased over the past 50 years. Metabolic abnormalities might confer risk for calcium-related stones, even in the bladder. 5 The number of patients in Japan with diabetes increased 1.5-fold from 9.8% in 2006 to 14.2% in 2015. 15 The incidence of metabolic syndrome has increased along with age, with the rates being highest for those aged in their 60s in males and >70s in females. The incidence of metabolic syndrome might have significantly affected the incidence of lower urinary tract stone, especially those comprising calcium oxalate, in these age groups. The reduced incidence of infectious stones in males might be associated with improved medical standards, including the prevention of urinary tract infection and the control of BOO. However, the reason for the slight increase in females is obscure. In general, symptoms of bladder stones, such as BOO, are less likely to be evident in females than in males. Increased opportunities to detect asymptomatic bladder stones in females might have contributed to the increased incidence of infectious stones, which are more prevalent in females than males. Furthermore, the Japanese population has encountered serious aging in the past 50 years. Women are more likely to have urinary infections compared with men, especially in an aged population. 18 Age adjustment has not been made in the stone composition. Therefore, aging might affect the increased infection-related stones, especially in women.
The present study had some limitations. Data from clinics without beds were not included, which might have imposed selection bias. In addition to medical doctors, medical clerical staff also completed data charts, suggesting that the quality of the data might differ among institutions. Different ways in which information was input into the questionnaire might have affected the results. Multiple choices were allowed related to stone composition. Furthermore, only a limited number of female patients provided stone composition. These factors might affect the overall result of stone composition.
In conclusion, trends of lower urinary tract stones have steadily increased throughout the 50-year history of the nationwide survey of urolithiasis. These trends might reflect the aging of the population and improved medical standards in Japan.
